Unscheduled DNA synthesis (excision-repair) of N-acetoxy-2-acetylaminofluorene (NA-AAF) damage to the DNA of human lymphocytes was determined qtsantitatively for 92 individuals with diastolic blood pressures ranging from 65 to 120 mm of Hg (8.7 to 16 kPa). Measurements of NA-AAFinduced repair synthesis (incorporation of (3H~thymidine in the presence of 10 mM hydroxyurea) showed linear increase with the blood pressure in the individuals under study. Concurrent determinations for the levels of 3H-labeled 7,12-dimethylbenzlajanthracene bound to the DNAs of lymphocytes after 18 hr of culturing have shown that increased amounts of DNAbound carcinogen were linearly proportional to increased NA-AAF-induced repair synthesis values, and therefore were correlated to high blood pressure. The number of NA-AAF-induced chromosomal aberrations in lymphocytes increased linearly with the diastolic blood pressures of the individuals. High NA-AAF-induced repair synthesis values also tended to be associated with increased NA-AAF-induced chromosomal damage. Together, these results suggest that individuals with elevated blood pressures have a greater potential for accumulating DNA damage, because of an increased chemical reactivity of lymphocytes to carcinogen exposure, than do individuals with normal blood pressure. The importance of high blood pressure as a major factor in cardiovascular disease is well established (1-3), and recently it has also been correlated to increased cancer risk (4). These clinical observations have suggested to us the possible involvement of genetic mechanisms which might regulate the intrinsic mutational frequency of blood cells (5). Therefore, our laboratory has sought to define quantitatively at least one potential altering mechanism of genetic information; namely, the level of DNA repair synthesis in relation to an individual's blood pressure.
benzlajanthracene bound to the DNAs of lymphocytes after 18 hr of culturing have shown that increased amounts of DNAbound carcinogen were linearly proportional to increased NA-AAF-induced repair synthesis values, and therefore were correlated to high blood pressure. The number of NA-AAF-induced chromosomal aberrations in lymphocytes increased linearly with the diastolic blood pressures of the individuals. High NA-AAF-induced repair synthesis values also tended to be associated with increased NA-AAF-induced chromosomal damage. Together, these results suggest that individuals with elevated blood pressures have a greater potential for accumulating DNA damage, because of an increased chemical reactivity of lymphocytes to carcinogen exposure, than do individuals with normal blood pressure. The importance of high blood pressure as a major factor in cardiovascular disease is well established (1) (2) (3) , and recently it has also been correlated to increased cancer risk (4) . These clinical observations have suggested to us the possible involvement of genetic mechanisms which might regulate the intrinsic mutational frequency of blood cells (5) . Therefore, our laboratory has sought to define quantitatively at least one potential altering mechanism of genetic information; namely, the level of DNA repair synthesis in relation to an individual's blood pressure.
The demonstration that human cell types undergo unscheduled DNA synthesis (excision-repair) following appropriate stimulation by DNA-damaging agents is now well documepted (6) (7) (8) (9) (10) . This observation suggests that accumulation of genetic damage in humans must be, in part, dependent on the efficiency with which the repair enzymes remove any environmentally induced chemical alterations within the genome. This is apparently true in at least some cases, since defective repair of damaged DNA has been correlated with carcinogenesis in the skin disease xeroderma pigmentosum (11) and in ethyl nitrosourea carcinogenesis in the rat (12) . Moreover, the capacity for repair of genetic damage has been linked in vitro to the ageing process in human fibroblasts (13) , as well as correlated to the lifespans of several mammalian species (14) . However, this connection to age is not quite clear, since repair of UV-and x-irradiation damage of human fibroblasts has also Abbreviations: NA-AAF, N-acetoxy-2-acetylaminofluorene; Me2SO, dimethyl sulfoxide; DMBA, 7,12-dimethylbenz[a]anthracene. been shown to correspond only slightly or not at all to the lifetime of the cells in culture (15) (16) (17) . Nonetheless, several other studies (18) (19) (20) have related the accumulation of chromosomal aberrations with an increase in age of the animal. The physiological age, rather than the chronological age, of the donor was most important in shortening the lifespan of cultured human fibroblasts (21) . Since 21 Ci/mmol, Amersham) were added and the cells were incubated 17 hr longer. It has been shown previously (6, 24, 25) Approximately 20 .g of DNA was immobilized onto each nitrocellulose filter. The dried filters were counted in a toluenebased scintillation mixture, washed free from scintillation liquid with CHC13 after counting, and the quantity of DNA was determined by a modified diphenylamine procedure (27) . Background replicative synthesis was estimated by the dpm of [3H]dThd per ,ug of DNA present in the hydroxyurea plus Me2SO controls. The influence of background replicative synthesis has been subtracted from all the NA-AAF-induced repair values.
Measurement of Carcinogen Binding. In some cases, along with the measurements of NA-AAF-induced repair, parallel lymphocyte cultures were treated with 7,12-dimethylbenz[a]-anthracene (DMBA) dissolved in Me2SO to measure carcinogen binding to the DNA. This carcinogen was considered a good model for DNA binding studies because (a) the binding indexes for DMBA and related polynuclear hydrocarbons (28) have been shown to correlate well to their carcinogenicity and (b) DMBA probably needs metabolic activation for covalent binding to DNA (29) and, therefore, would also reflect any biologic differences in lymphocyte metabolism associated with carcinogen uptake and reactivity. For this purpose, the lymphocyte cultures were exposed to 5 gM [3H]DMBA (7 
RESULTS
Before carcinogen-induced repair synthesis can be evaluated quantitatively, it must be shown that the values that are calculated accurately reflect the amount of repaired DNA damage. This was done for NA-AAF-stimulated repair by correlating the DNA damage induced by increasing concentrations of NA-AAF in the culture medium to increasing levels of [SH] dThd incorporation due to repair synthesis. It is clear from Fig. 1 The data relating blood pressure to repair synthesis are presented in Fig. 2 . When the NA-AAF repair values for the entire sampled population were compared to diastolic blood pressure values, both parameters increased proportionally to each other in a linear fashion (Fig. 2A) . This was true even though the Fig. 2B show that non-treated individuals had the same correlation to repair as the entire sampled population did. As might have been predicted from the clinical evidence that blood pressure rises in a population as does age (2, 3) , the amount of NA-AAF repair not only increased with elevated blood pressure, but also increased significantly with-age (Fig. 2G) Fig. 2 .
Chemically induced DNA damage, as opposed to x-or UVirradiation damage, is directly dependent on cellular transport mechanisms for the agent to reach the site of reactivity with DNA. Any differences in lymphocyte metabolism from patients with different blood pressures that might affect either carcinogen uptake or DNA binding would greatly influence the potential for accumulation of genetic damage. The data in Fig.  3A provide the necessary basis for quantifying DMBA binding to lymphocyte DNA. As the concentration of DMBA was increased in the lymphocyte culture medium, the level of DMBA (Fig. 2) . This observation would be significant whether or not the correlation between DMBA binding and NA-AAF-induced repair was biological or mathematical in nature.
Cytogenetic analyses of NA-AAF-damaged lymphocytes have confirmed our biochemical observations. The percent of chromosomal aberrations, which were characterized mainly as chromatid breaks, increased in linear relation to increases in the diastolic blood pressure for the 19 individuals examined (Fig. 4A) . Furthermore, when biochemical determinations of NA-AAF-repair synthesis were carried out simultaneously in the same individuals that cytogenetic evaluations were made in, the percent chromatid breaks tended to increase as did the NA-AAF-repair values (Fig. 4B) . With a small sample size of, 13, the results were not statistically significant (P < 0.20).
Together, the biochemical and cytogenetic evidence in this study supports the interpretation that there is a greater potential for accumulation of DNA damage in lymphocytes from highblood-pressure individuals, because their lymphocytes have higher sensitivity to carcinogen damage than do lymphocytes from normal-blood-pressure individuals.
DISCUSSION
The level of excision-repair synthesis is directly dependent on the initial amount of DNA damage, since it is the damaged sites in DNA that provide substrate for driving the enzymatic repair reactions. Our DMBA binding and cytogenetic data (Figs. 3 and  4) have provided evidence that carcinogen-treated lymphocytes from high-blood-pressure individuals have larger initial amounts of DNA damage than do lymphocytes from normalblood-pressure individuals. If this is true, then quantitation of repair synthesis in lymphocytes from individuals with different blood pressures only reflects the different degrees of repair stimulation coming from the different levels of initial DNA damage. In fact, that is what our data indicate, because high NA-AAF-induced repair values were correlated to high values for DMBA binding to DNA and also to high levels of chromosomal breakage (Figs. 3 and 4) .
It is tempting to view our results in terms of the mutational model for cancer and ageing (5, (30) (31) (32) . Presumably the increased potential for DNA damage observed within the lymphocytes of high-blood-pressure individuals would be expressed through successful mutational hits as an increased potential for genetic damage. The role of genetically altered lymphocytes in ageing, cancer, and hypertension is unknown and involves even greater speculation. Nonetheless, impairment of T-cell immune responses in ageing (33) and the relation of immunosuppression to cancer (34) have indicated the importance of lymphocytes as target cells during these disease processes.
It is also of interest to compare the lifespans of mammals to the recorded blood pressures that are available. Mammals such as the chimpanzee, horse, and human with long lifespans of 44-90 years have an average diastolic blood pressure of 76 L 7.9 mm of Hg, but 15 different mammals with shortened lifespans of 3.5-5 years had an average diastolic blood pressure of 97 i 13.3mm of Hg (35, 36) . Of course, different measurement techniques for blood pressure were used and in some cases only a few animals were examined. Such important limitations do not permit any valid conclusions. Therefore, this observation may be irrelevant, but it does serve to direct attention to the possible importance of blood pressure in ageing.
